SUMMARY Twenty individual diarrhoeal stools from three patients with ileal resection were centrifuged at 14 000 g for one hour at 10°C to separate the stool into pellet and supernatant. Bile acids and electrolytes were measured in each phase.
When the enterohepatic circulation of bile acids is broken, due to ileal disease or resection, excessive quantities of bile acids enter the colon and watery diarrhoea may occur (Hofmann, 1967) .
In 1966 Forth, Rummel, and Glasner demonstrated that bile acids inhibited electrolyte and water reabsorption in the rat colon. Perfusion of the human colon with conjugated bile acids has been shown to cause secretion of water and electrolytes (Mekhjian, Phillips, and Hofmann, 1968) . Similarly, perfusion of both the canine and human colon with unconjugated bile acids inhibited electrolyte and water reabsorption (Mekhjian and Phillips, 1970; Mekh- jian, Phillips, and Hofmann, 1971) . The unconjugated dihydroxy bile acids, deoxycholic acid, and chenodeoxycholic acid were found to be the most potent inhibitors of electrolyte and water absorption in the colon. The study by Mitchell and Eastwood (1972) showed that in patients with diarrhoea associated with ileal dysfunction chenodeoxycholic acid and cholic acid, but not deoxycholic acid, were excreted in the faeces.
Although treatment of the diarrhoea with sequestrating agents such as cholestyramine (Hofmann and Poley, 1969) and lignin (Eastwood and Girdwood, 1968) is often successful, the amount of bile acids excreted remains the same or may even increase (Hofmann and Poley, 1972) . There would appear to be an anomaly here, suggesting that the Received for publication 2 March 1973. physical state of bile acids is important in the genesis of watery diarrhoea. Norman (1964) has shown that bile acids adhere strongly to insoluble materials in normal stool. A hypothesis has been examined that bile acids in solution have a biological effect, whereas bile acids adsorbed to insoluble materials would be biologically inert.
For these reasons the present study was undertaken to examine the relationship between chenodeoxycholic acid, cholic acid in solution or bound to stool-insoluble materials, and both the electrolyte and the water loss in the faeces of patients with diarrhoea associated with ileal resection.
Materials and Methods
The patients studied were outpatients on an unrestricted diet. Table I Clinical details ofpatients studied 14 000 g for 60 minutes (Findlay, Eastwood, and Mitchell, 1973) .
FAECAL BILE ACIDS
The pellet and supernatant so produced were freezedried before quantitative faecal bile acid analyses according to the method of Evrard and Janssen (1968) in which the bile acids are converted to ketones. One slight modification was the use of a 3 % OV-17 Gas Chrom Q 100-120 mesh column being used isothermally at 270°C. Standards lithocholic acid 1 mg/ml, deoxycholic acid 1 mg/ml, 23-nordeoxycholic acid 1 mg/ml, and cholic acid 2 mg/ml were analysed through the whole procedure and all samples were analysed in duplicate. Recovery from faecal samples of added cholic acid was 98 % and of chenodeoxycholic acid was 98% (n = 4). The coefficient of variation of replicate analysis (n = 16), carried out during the experimental period of a standard mixture, was 7.7 % for monoketo acids, 5.6% for diketo acids, and 8.5 % for triketo acids.
FAECAL ELECTROLYTES
The concentrations of sodium and potassium in the stools were measured using a standard AutoAnalyzer technique. Pellet electrolytes were estimated after digestion of organic material with concentrated nitric acid (Analar).
STATISTICAL ANALYSIS
In the statistical analysis all variables described have been standardized by division by the associated pellet weight in order to ensure that any associations found between variables could not be due simply to a mutual association with the weight of stool collected on various occasions.
The first two stages of analysis have been to relate first the electrolyte and then the water loss to the total amount of chenodeoxycholic acid and the total amount of cholic acid present in the faeces. Multiple regression techniques were used (see for example Armitage, 1971 ).
Subsequently the relationship of electrolyte or water loss to the bile acids was further examined. Separate consideration was given to the role of the pellet and supernatant fractions of either cholic or chenodeoxycholic acid, again using multiple regression techniques.
Results
The individual stool weights, bile acids, and electrolytes in the individual faecal samples are shown in table II. Only 3.7-diketocholanoic and 3, 7, 12-triketocholanoic acids were obtained.
TOTAL BILE ACIDS AND ELECTROLYTE LOSS
Assuming that electrolyte loss (Y) is linearly dependent on the total cholic (C) and total chenodeoxycholic acid (CDC)we have: Y = a + b1C + b2 CDC where b1 and b2 are thepartial regressioncoefficients of electrolyte loss on cholic and chenodeoxycholic acids respectively and represent the increase observed in electrolyte loss for an increase of one unit in the amount of either bile acid present. The constant 'a' is a measure of the individual's ability to tolerate bile acids without incurring abnormal electrolyte loss.
Standard methods of multiple regression were applied to the faecal collections to compare these constants. TOTAL BILE ACIDS AND WATER LOSS electrolyte loss with the distribution of bile acids in The analysis followed precisely the same procedure the supernatant and pellet was as was adopted for examining electrolyte loss and total bile acids with the substitution of water loss Y = a + b1' Xl + b2' X2 + b3' X3 + b4' X4 for electrolyte loss. No significant differences were where 'a' could vary between individuals and found between patients in the values of bl and b2 X1 = cholic acid in pellet (mg) while the values of 'a' were found to differ only at the X2 = chenodeoxycholic acid in pellet (mg) 10% level of significance ( cholic acid in the pellet was not associated with water loss.
Discussion
We have shown that in each of the three patients studied there was a linear relationship between the amount of chenodeoxycholic acid excreted and electrolyte loss which was characteristic for each individual (see fig) . We feel that the individual linear relationship demonstrated by the patients in our study is to be anticipated in view of the uniqueness of each subject's gastrointestinal tract. Chenodeoxycholic acid is associated with water and electrolyte loss whether present in the pellet (concentration range 9.0-21.8 mM) or supernatant (concentration range 0.2-3.5 mM) but more particularly with the pellet fraction. Cholic acid in the pellet appears to have no effect on the diarrhoea despite concentrations in the pellet of between 14 and 30 mM. Cholic acid in the supernatant (concentration range 2.2-5 2 mM) has a statistically significant relationship with water and electrolyte loss.
The association of cholic acid with electrolyte and water loss would appear to conflict with previous reports that cholic acid in solution has no effect on inhibiting electrolyte and water reabsorption (Mekhjian and Phillips, 1970; Mekhjian etal, 1971) . However it can be postulated that the association between cholic acid and water loss is a reflection of the solubility of cholic acid. The more water produced by the inhibitory property of chenodeoxycholic acid, the more cholic acid will be dissolved in this free water. In support of this postulate is the finding that total cholic acid, ie, cholic acid present in supernatant and pellet, did not reach a statistically significant level of association with either electrolyte or water loss once its association with chenodeoxycholic acid and pellet weight were taken into account. These findings are in agreement with perfusion studies in man (Mekhjian et al, 1971) .
Total chenodeoxycholic acid, however, has been shown to be significantly associated with electrolyte and water loss even when its association with cholic acid and pellet weight was taken into account. The stronger of the two relationships was between chenodeoxycholic acid and electrolyte loss, suggesting that water loss is secondary to inhibition of electrolyte reabsorption.
Previous studies (Woodbury and Kern, 1971) attempted to associate faecal bile acid excretion and faecal water without removing the effect of the mutual association with the solid component of the stool. The associations these workers produced were not surprising as one would expect a sample of high weight to contain both more bile acids, and in the absence of any material change in the nature of the diarrhoea, more water. In the study of Woodbury and Kern (1971) it would appear that the water excreted in the faeces is a direct result of increased faecal bile acid excretion. Our results suggest that water loss is a secondary effect and is due to the inhibition of electrolyte reabsorption by excess bile acids being present in the colon.
In normal faeces, bile acids are present in a concentration of approximately 3 mM. Mekhjian et al (1971) showed that a 3 mM solution of deoxycholic acid inhibited electrolyte and water reabsorption in the human colon. Norman (1964) showed that in normals faecal bile acids are strongly adsorbed to solids. This suggests that such adsorption renders the bile acids biologically inert. Our findings in the patients with diarrhoea due to ileal resection do not appear to support this hypothesis as the chenodeoxycholic acid in the pellet had a statistically significant association with electrolyte and water loss.
At the present time the mechanism by which bile acids inhibit electrolyte and water reabsorption and the relationship between their chemical structure and their effects is not known. Mekhjian et al (1971) suggested that bile acids may impair active sodium transport in the colon by altering enzyme configuration, by interfering with the binding of phosphate, or by altering lipid-protein interactions at cell membranes.
Unconjugated deoxycholic acid and chenodeoxycholic acid have been shown to cause slight structural changes in hamster and rat jejunal mucosa at concentrations of 1 to 5 mM (Low-Beer, Schneider, and Dobbins, 1970; Teem and Phillips, 1972) . It is interesting that these bile acids, which caused the structural changes in the small intestinal mucosa, are not normally present in the small intestine. Whilst we have not looked for any structural changes in the colon of our patients, it may well be that we have an analagous situation, ie, a high concentration of a bile acid not normally found in the colon causing ultrastructural changes in the colon.
Although our study does not allow us to suggest how the bile acids cause an increase in faecal excretion of electrolyte and water, it does indicate that chenodeoxycholic is probably the causative factor in the diarrhoea of patients with ileal resection.
The centrifugation technique used (Findlay et al, 1973 ) has led to a clearer understanding of the role of bile acids in the diarrhoea associated with ileal resection. However, even with this technique it is not possible to know whether the distribution of bile acids in the pellet and supernatant fractions found at faecal analysis correspond to those present at the sites of water and electrolyte absorption in the colon. It would appear that it is the total amount of chenodeoxycholic acid entering the colon, irrespective of its physical state, that is important in the diarrhoea of ileal dysfunction. Cholic acid on the other hand does not appear to have such a cathartic effect.
